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Background
Thrombotic microangiopathy (TMA) with non-deficient ADAMTS-13 (a disintegrin-like 
and metalloprotease with thrombospondin type 1 motif 13) outcome is unknown hence 
the survival analysis correlating with ADAMTS-13 activity is conducted in Malaysia.

Methods
This was a retrospective epidemiological study involving all cases of TMA from 2012‒2016.

Results
We evaluated 243 patients with a median age of 34.2 years; 57.6% were female. Majority 
of the patients were Malay (62.5%), followed by Chinese (23.5%) and Indian (8.6%). The 
proportion of patients with thrombotic thrombocytopenic purpura (TTP) was 20.9%, 
72.2% of which were acquired while 27.8% were congenital. Patients with ADAMTS-13 
activity ≥5% had a four-fold higher odds of mortality compared to those with 
ADAMTS-13 activity ＜5% (odds ratio: 4.133, P=0.0425). The mortality rate was 22.6% 
(N=55). Most cases had secondary etiologies (42.5%), followed by acquired TTP (16.6%), 
atypical hemolytic uremic syndrome (HUS) or HUS (12.8%) and congenital TTP (6.4%). 
Patients with secondary TMA had inferior overall survival (P=0.0387). The secondary 
causes comprised systemic lupus erythematosus (30%), infection (29%), pregnancy 
(10%), transplant (8%), malignancy (6%), and drugs (3%). Transplant-associated TMA had 
the worst OS (P=0.0016) among the secondary causes. Plasma exchange, methyl-
prednisolone and intravenous immunoglobulin were recorded as first-line treatments 
in 162 patients, while rituximab, bortezomib, vincristine, azathioprine, cyclo-
phosphamide, cyclosporine, and tacrolimus were described in 78 patients as second-line 
treatment.

Conclusion
This study showed that TMA without ADAMTS-13 deficiency yielded inferior outcomes 
compared to TMA with severeADAMTS-13 deficiency, although this difference was not 
statistically significant.
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INTRODUCTION

Thrombotic microangiopathy (TMA) refers to the con-
stellation of clinical findings with microangiopathic hemo-
lytic anemia (MAHA), severe thrombocytopenia, and organ 
failure of variable severity. This includes thrombotic throm-

bocytopenic purpura (TTP), atypical hemolytic uremic syn-
drome (aHUS), hemolytic uremic syndrome (HUS), and com-
plications of other systemic illnesses or certain medications. 
In the past, TTP was diagnosed based on the classic pentad 
(thrombocytopenia, MAHA, neurological features, fever, and 
renal involvement) [1]. HUS is defined by the presence of 
intravascular hemolysis, thrombocytopenia and acute kidney 
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Fig. 1. Flow chart for the methods.

failure [2], and is treated presumptively according to presence 
or absence of bloody diarrhea [1]. The clinical relevance 
of “diarrhea-negative” HUS is unclear. Currently, the diag-
nostic criteria have been changed to thrombocytopenia and 
MAHA with clinical or histological complications of micro-
vascular thrombosis [1]. The evaluation of ADAMTS-13 (a 
disintegrin-like metalloprotease with a thrombospondin type 
1 motif 13) activity levels confirming the diagnosis of TTP 
has revolutionized the definition, which renders the classic 
pentad seen only in 5% of patients [3] irrelevant to current 
clinical practice. The presence of severe ADAMTS-13 activity 
deficiency (ADAMTS-13＜10%) which is the sole biologic 
marker specific for TTP has become instrumental recently 
in completing the definition of TTP [4]. Patients who clin-
ically masquerade as TTP with non-severe ADAMTS-13 ac-
tivity deficiency (ADAMTS-13≥10%) will be classified as TMA.

There is an old belief that TTP, if left untreated, is asso-
ciated with 90% mortality rate. However, the advent of 
ADAMTS-13 activity results in the further classification of 
TMA into ADAMTS-13 activity deficient (＜10%) or non-de-
ficient (≥10%) or slightly deficient categories. Plasma ex-
change (PEX) therapy is always the first empirical treatment 
for acute TTP which dramatically improves the prognosis, 
allowing a better survival of 85% [4, 5]. However, recent 
evidence shows that patients with TMA arising from systemic 
illness usually have normal or slightly deficient ADAMTS-13 
activity and respond poorly to PEX therapy. This led to 
the new belief that treatment should be directed to the 
underlying disease or stopping the offending drug [5]. 

In Malaysia, no study has addressed the epidemiology 
of TMA yet. This study aimed to research the demographic 
data, outcomes, as well as the etiology of TMA in the 
Malaysian population. 

MATERIALS AND METHODS

Ampang Hospital is the only national referral center for 
ADAMTS-13 activity testing in Malaysia. This retrospective 
cohort study involved 243 patients diagnosed with TMA, 
from 2012 to 2016. All the ADAMTS-13 activity and inhibitor 
results were traced from the hemostasis laboratory archived 
records at Ampang Hospital. The medical records were then 
retrieved through the electronic hospital information system 
(EHIS) of Ampang Hospital and other hospital records units 
nationwide. All the demographic data, details of clinical 
presentation, laboratory results, and treatment were recorded 
in an Excel spreadsheet before analysis. The flow of the 
method is displayed in Fig. 1.

The Technozym method was used to evaluate ADAMTS-13 
activity and ELISA (Technoclone GmbH, Wien, Austria) 
was used to evaluate the inhibitor level. Subsequently, the 
TMA cases were further divided into different types accord-
ing to the clinical history, laboratory investigation and 
ADAMTS-13 results.

Primary acquired TTP is defined as TMA with 
ADAMTS-13 activity ＜10% with the presence of inhibitor. 
Congenital TTP is defined as TMA with ADAMTS-13 activity 
＜10% with absence of inhibitor. The normal range for 
ADAMTS-13 activity is 40% to 130%. The ADAMTS-13 in-
hibitor is negative at less than 12 units/mL, borderline positive 
at 12 to 15 units/mL, and positive at more than 15 units/mL.

Each individual in Malaysia has a unique national identity 
number, which can be utilized for cross-checking with the 
National Death Registry from the National Registration 
Department, Malaysia for survival outcomes (death or alive). 
By cross-checking with the death registry, information on 
the date of death was obtained up to 31 December 2016 
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Table 1. The overall characteristics of patients with TMA in 
Malaysia.

Characteristics N (%)

Total N of patients 243
Median age, yr   34.2
Age groups
   Children, 0–14 yr   31 (12.8)
   Adolescent, 15–24 yr   48 (19.7)
   Young adults, 25–44 yr   83 (34.1)
   Middle-age adults, 45–64 yr   66 (27.2)
   Elderly adults, ≥65 yr   15 (6.2)
Gender
   Female 140 (57.6)
   Male 103 (42.4)
Race
   Malay 152 (62.5)
   Chinese   57 (23.5)
   Indian   21 (8.6)
   Others   13 (5.4)
Sub-classification of ADAMTS-13 activity
   0–4.9%   29 (11.9)
   5–14.9%   26 (10.7)
   15–24.9%   11 (4.5)
   25–39.9%   22 (9.1)
   ＞40% 133 (54.7)
   Unknown   22 (9.1)
ADAMTS-13 activity with cut off 5% vs. 10%
   ＜5%   29 (13.1)
   ≥5% 192 (86.9)
   ＜10%   47 (20.9)
   ≥10% 178 (79.1)
Level of inhibitors
   Negative, ＜12 units/mL 101 (61.2)
   Borderline, 12–15 units/mL   11 (6.7)
   Positive, ＞15 units/mL   53 (32.1)
Type of TMA
   aHUS/HUS   30 (12.8)
   Primary acquired TTP   39 (16.6)
   Congenital TTP   15 (6.4)
   Secondary causes 100 (42.5)
   TMA with unknown cause   51 (21.7)
Secondary causes of TMA
   SLE related   30 (30)
   Infection related   29 (29)
   Hematopoietic stem cell transplant-related     8 (8)
   Pregnancy-related   10 (10)
   Malignancy related     6 (6.0)
   Drug-induced     3 (3.0)
   Unidentified secondary causes   14 (14)
Mortality
   Death   55 (22.6)
   Alive 188 (77.4)

Abbreviation: SLE, Systemic lupus erythematosus.

(end of follow-up). The overall survival (OS) was measured 
from the date of diagnosis until death from any cause, with 
observations censored for patients at the date they were last 
known to be alive. The OS of patients was estimated using 
the Kaplan-Meier (KM) product limit estimator, and differ-
ences in OS between groups were tested using the log-rank 
test at a significance level of 0.05. The survival data were 
analyzed using SAS version 9.4 (SAS Institute, Cary, NC, 
USA). Besides, the difference in mortality was also tested 
using Pearson’s chi-squared test. Odds ratios (ORs) were esti-
mated for patients with ADAMTS-13 activity ＜10% versus 
≥10% and ＜5% versus ≥5%. 

The study was registered under the National Medical 
Research Register (NMRR) in Malaysia, and was approved 
by the Medical Research & Ethics Committee (MREC), a 
centralized independent ethics committee for public in-
stitutions in the country. The Investigator Initiated Research 
number was NMRR-16-2824-31410. The requirement of in-
formed consent was waived as the study only required in-
formation from patients’ medical records, laboratory records 
and the National Death Registry. 

RESULTS

The overall characteristics of patients with TMA are pre-
sented in Table 1. There was a total of 243 patients undergoing 
ADAMTS-13 activity testing with the median age of 34.2 
years. Females (57.6%) were more predominant in compar-
ison to males (42.4%). In the age groups, young adults (25–44 
yr) were the most prevalent group at 34.1%, followed by 
27.2% for middle-aged adults (45–64 yr), 19.7% for adoles-
cents (15–24 yr), 12.8% for children (0–14 yr), and 6.2% 
for elderly adults (≥65 yr). Besides, we also stratified the 
patients according to the three main ethnic groups in 
Malaysia. There were 62.5% of Malay, 23.5% of Chinese, 
8.6% of Indian and 5.4% of the others, which consisted 
of natives from the Eastern Peninsular.

For ADAMTS-13 activity, the results were only available 
for 225 patients, with 47 cases (20.9%) having ADAMTS-13 
activity ＜10% and 178 cases (79.1%) having ADAMTS-13 
activity ≥10%. The ADAMTS-13 testing was started in 2012; 
there were 18 patients reported with inhibitor level only 
with the other type of ELISA assay. Some of them were 
treated as TTP with presence of high inhibitor level. For 
the consistency of the results, these 18 patients were excluded 
from subsequent analysis resulting in only 225 patients. 
Among these 225 patients, 4 patients were reported to have 
ADAMTS-13 activity ＜10% so could not be classified into 
ADAMTS-13 activity ＜5%, so the number in those with 
the ADAMTS-13 activity cut off of 5% was only 221. For 
the validity of the data, we sub-classified ADAMTS-13 activ-
ity into different ranges with reference to the Table 1, with 
the 18 patients with only inhibitor level reported initially 
and 4 patients reported with ADAMTS-13 activity ＜10% 
(no actual value documented) resulting in 22 patients being 
categorized as unknown. For ADAMTS-13 inhibitors, the 

results were only available in 165 cases, with 53 cases (32.1%) 
being positive, 11 cases (6.7%) being borderline positive and 
101 cases (61.2%) being negative for inhibitor levels. Among 
the TTP cases, 72.2% was acquired, while 27.8% was 
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Table 2. Results for the difference in mortality using the chi-square test. 

ADAMTS-13 activity Total patients Death Alive Odds of death Comparison

≥5% 192 45 147 0.306 chi-square, P=0.0425
＜5%   29 2 27 0.074 OR: 4.133 (95% CI: 0.946, 18.057)
Total 221b) 47 174
≥10% 178 40 138 0.290 chi-square, P=0.417
＜10%   47 8 39 0.205 OR: 1.413 (95% CI: 0.623, 3.207)
Total 225a) 48 177

a,b)The total number of patients was less than 243 as shown in Table 1 due to incomplete records. 

Fig. 2. Overall survival according to the types of TMA. Overall survival according to ADAMTS-13 activity for (A) cut-off=5% and (B) cut-off=10%.

Fig. 3.  Overall survival according to secondary causes of TMA. 

congenital. There were 10 TTP cases diagnosed based on 
the detection of high titer of ADAMTS-13 inhibitor level 
without testing the ADAMTS-13 activity; thus, only 47 cases 
had confirmed ADAMTS-13 activity level ＜10%.

Table 2 summarizes the mortality differences according 
to different ADAMTS-13 cut-off values. There were 55 
(22.6%) mortality cases. Patients with ADAMTS-13 activity 
≥5% were associated with higher mortality rate and the 
odds of death was 4 times higher compared to those with 
ADAMTS-13 activity ＜5% [OR: 4.133, P=0.0425; confidence 
interval (CI): 0.946, 18.057]. According to the KM survival 
curve (Fig. 2A), the OS of those with ADAMTS-13 activity 
≥5% was not statistically different from those with 
ADAMTS-13 activity ＜5% (log-rank, P=0.0909). For 
ADAMTS-13 activity with cut-off of 10%, no significant 
differences were observed for both mortality (OR: 1.413, 
P=0.417) and OS in KM survival curves (log-rank, P=0.5777) 
(Fig. 2B).  

The type of TMA was classified according to the etiologies 
based on the clinical history, basic blood investigations like 
full blood count, renal profile, liver function test and 
ADAMTS-13 activity results, so only a total of 235 patients 
fulfilled the criteria for the classification. Among the 18 
patients that were tested for inhibitor level only, 10 actually 

had very high inhibitor levels suggested from the clinical 
history and so were classified as having primary TTP. The 
other 8 who tested negative for inhibitors and were referred 
from private hospitals without histories or laboratory inves-
tigations were excluded. The most common type of TMA 
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Table 3. Treatment of TMA patients in Malaysia.

Treatments
Type of TMA

aHUS/HUS, N (%) TMAa), N (%) TTPb), N (%) 

First line treatment, N=162
   Plasma exchange 8 (80) 47 (45.2) 23 (47.9)
   Methylprednisolone 2 (20) 46 (44.2) 23 (47.9)
   IVIG 0 (0) 11 (10.6)   2 (4.2)
   Total 10 104 48
Second line treatment, N=78
   Rituximab 0 (0) 15 (35.6) 13 (36)
   Bortezomib 0 (0)   2 (4.8)   6 (16.7)
   Vincristine 0 (0) 12 (28.6)   8 (22.2)
   Azathioprine 0 (0)   1 (2.4)   2 (5.6)
   Cyclophosphamide 0 (0)   2 (4.8)   6 (16.7)
   Cyclosporinec) 0 (0)   5 (11.9)   0 (0)
   Tacrolimusc) 0 (0)   5 (11.9)   1 (2.8)
   Total 0 42 36

a)TTP includes primary acquired TTP and congenital TTP. b)TMA includes TMA and TTP with secondary causes and unknown causes. 
c)Cyclopsorine and tacrolimus were only used in TA-TMA.
Abbreviation: IVIG, Intravenous immunoglobulin.

Fig. 4. Overall survival according to secondary causes of TMA. Overall 
survival according to ADAMTS-13 activity for (A) cut-off=5% and (B)
cut-off=10%.

was secondary TMA (42.5%), followed by primary acquired 
TTP (16.6%), aHUS/HUS (12.8%), and congenital TTP 
(6.4%). Among the secondary causes, systemic lupus eryth-
ematosus presented the highest proportion of 30%, followed 
by infection (29%), pregnancy (10%), transplant (8%), malig-
nancy (6%), drug-induced (3%), and unidentified secondary 
causes (14%). Secondary TMA was associated with inferior 
OS (log-rank, P=0.0387) (Fig. 3). Among the secondary caus-
es, transplant-associated TMA (TA-TMA) had the worst OS 

(log-rank, P=0.0016), followed by infection-associated and 
malignancy-associated TMA (Fig. 4). 

Table 3 summarizes the treatments of TMA. A total of 
162 patients were recorded as having received first-line treat-
ments comprising PEX, methylprednisolone and intravenous 
immunoglobulin (IVIG). PEX and methylprednisolone were 
given to most of the TMA patients (45.2% and 44.2%, re-
spectively). A total of 48 TTP patients received equal amounts 
of PEX and methylprednisolone (47.9% each). Only 10 
aHUS/HUS patients received PEX and methylprednisolone. 
IVIG was prescribed to 13 patients only because they were 
initially treated for idiopathic thrombocytopenic purpura. 
Further, 10.6% of TMA patients and 4.2% of TTP patients 
were treated with IVIG. For patients who did not respond 
to the first-line treatment, the second-line treatment would 
comprise other immunosuppressants such as rituximab, vin-
cristine, cyclophosphamide, bortezomib and azathioprine, 
which accounted for a total of 78 patients. Rituximab was 
used in 35.6% of TMA patients and 36% of TTP patients. 
In all, 4.8% of TMA and 16.7% of TTP patients were treated 
with bortezomib. Vincristine was used in 28.6% of TMA 
patients and 22.2% of TTP patients. Cyclophosphamide was 
given to 4.8% of TMA patients and 16.7% of TTP patients. 
Azathioprine was only noted in one TMA patient and two 
TTP patients. Cyclosporine and tacrolimus were only de-
scribed in patients with TA-TMA. The first-line treatment 
for TA-TMA was initially PEX, which was then changed 
to methylprednisolone-based therapy in view of the in-
effectiveness of PEX in this cohort of patients. Cyclosporine 
was used in 5 patients and tacrolimus was used in 6 patients. 
Only one patient with TA-TMA underwent PEX as evi-
denced by the one TTP patient who was treated with 
tacrolimus. Most of the patients treated with cyclosporine 
and tacrolimus were TMA patients. Some of these TA-TMA 
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patients received cyclosporine as prophylaxis against graft 
versus host disease (GVHD), so when they developed TMA, 
they were switched to tacrolimus based on suspicion of cyclo-
sporine-induced TTP for GVHD treatment. Some of them 
were continued on cyclosporine, or both cyclosporine and 
tacrolimus were completely stopped at the discretion of the 
treating physician. 

DISCUSSION

The etiology of TMA is always complex and challenging 
to medical practitioners. It is currently viewed as a result 
of either hemostasis failure (inappropriate platelet activation 
or thrombin generation) or endothelial injury (exposure to 
Shiga toxin, uncontrolled complement deposition) [6]. TTP 
is defined by the presence of a severe deficiency of ADAMTS- 
13 activity ＜10% [4]. The difference between TTP and 
aHUS and TMA of others are crucial because therapeutic 
PEX is only effective in TTP whereas eculizumab has been 
shown to have superior renal survival as compared to PEX 
alone [6, 7]. TMA of other diseases is defined as those without 
severe ADAMTS-13 deficiency and often requires treatments 
other than PEX [4, 8], which is consistent with our study 
findings. 

This study demonstrates that the OS tended to be worse 
in those with other causes of TMA (ADAMTS-13 activity≥
5%) in comparison to those with TTP (ADAMTS-13 activity
＜5%). This observation was similar in the sub-analysis of 
the dataset comprising those with complete treatment. 
However, this is contrary to the United Kingdom prospective 
TTP registry study in which the mortality was found to 
be highest among those with ADAMTS-13 antibodies in 
the highest quartile and antigens in the lowest quartile [9, 
10]. Most of the patients with TMA were treated with PEX 
in the study (Table 3). The Harvard TMA Research Collaborative 
reveals that patients with severe ADAMTS-13 deficiency 
respond well to PEX, whereas TMA without severe 
ADAMTS-13 deficiency is associated with increased mortal-
ity which may not be influenced by PEX [11]. Bendapudi 
et al. (2014) also showed that patients with high PLASMIC 
scores indicating TTP experienced a far better survival rate 
than low-scoring patients, as a result of the effectiveness 
of PEX in treating TTP [12]. Low-scoring patients had TMA 
of other causes.

The differential diagnosis of patients presented with 
MAHA and thrombocytopenia in the current clinical practice 
is either TTP or HUS/aHUS. In fact, there are many etiologies 
of TMA, such as TMA in the critically-ill secondary to sepsis, 
disseminated intravascular coagulopathy, malignant hyper-
tension, pregnancy, drug-induced, cancer-associated, hema-
topoietic stem cell transplant, cobalamin C defect, and diac-
ylglycerol kinase epsilon deficiency [5]. 

In our cohort study, it seems that those with non-deficient 
ADAMTS-13 activity (ADAMTS-13 activity≥5%) were do-
ing worse than those with typical TTP. Although the stat-
istical analysis yielded insignificant results, it does not mean 

that the observation was not clinically significant. This is 
further observed in the analysis of types of TMA whereby 
the secondary causes of TMA were associated with the lowest 
OS. Among the secondary causes, TA-TMA had the worst 
survival outcome. TA-TMA is unique as it has multiple trig-
gers leading to multisystem injury with immune dysregula-
tion caused by infections, chemotherapy, and GVHD, which 
subsequently results in endothelial injury and complement 
activation [5]. Jodele et al. (2015) revealed that the odds 
of death among subjects with TA-TMA were 5 times higher 
in the first-year post transplant compared to those without 
TA-TMA [13]. Many of our transplant patients were on 
immunosuppressant therapy for GVHD prophylaxis like cy-
closporine and tacrolimus, which were stopped whenever 
TMA was suspected. However, the discontinuation of the 
drugs did not seem to improve the outcome, which is also 
supported by the study by Jodele et al. (2015). In view of 
the lack of conclusive data, adjunctive therapies like GVHD 
prophylaxis and treatment should be evaluated carefully in 
transplant patients individually [13]. All the 8 cases of 
TA-TMA were not associated with severe deficiency of 
ADAMTS-13 activity except one of them who received PEX, 
so expectedly no improvement in the conditions as illustrated 
by Matevosyan et al. (2015) that PEX is not indicated [14]. 
Some authors advocate that eculizumab has been a promising 
treatment for TA-TMA [13, 14].

Infection-related TMA presented the second highest mor-
tality rate among the secondary causes of TMA. It has been 
postulated that neutrophils are pivotal in inflammation and 
thrombosis via the formation of neutrophils extracellular 
traps (NETs) [14]. There is evidence showing increased plas-
ma levels of circulating DNA-histone complexes in TMA 
[15], which are released from inflammatory cells like neu-
trophils in response to infection in the form of nucleosomes 
(NETs). NETs can cause thrombosis by stimulating platelet 
aggregation and thrombin generation as it contains DNA, 
histones and neutrophil proteases [15]. This cohort also in-
cludes those with sepsis and critically-ill patients who also 
do not show a response to PEX resulting in a poor outcome. 

aHUS/HUS were diagnosed retrospectively from the neph-
rology department in which these TMA patients became 
renal replacement therapy dependent after years of presentation. 
The lack of Shiga toxin testing secondary to Escherichia 
coli and complement activation markers not only results 
in failure to confirm the diagnosis but also in differentiating 
one from another. Shiga toxin-producing E. coli (STEC)-HUS 
occurs as a result of clinical gastroenteritis secondary to 
STEC (usually serotype 0157:H7 or 0104:H4) which is pivotal, 
causing endothelial cell damage [2]. On the other hand, 
aHUS occurs without any relation to infection or coexisting 
disease [16]. There is dysregulation of complement activation 
either due to genetic or acquired factor in the host cells 
[2]. Furthermore, there is also secondary HUS which is trig-
gered by coexisting disease or conditions such as infection 
with Streptococcus pneumoniae, influenza virus, trans-
plantation of both solid organs and bone marrow, auto-
immune disease, malignancy, pregnancy, and use of some 
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cytotoxic drugs [2]. It is crucial to reach a diagnosis of aHUS 
because of the recent discovery of eculizumab for the superior 
renal outcome of aHUS. The C5 blocking eculizumab therapy 
has not been shown to be effective in treating STEC-HUS 
and TTP due to the good response to PEX [15]. Unfortunately, 
this drug is not widely accessible in most countries including 
Malaysia due to the astronomical cost of the drug. 

First-line treatments like PEX and steroids were provided 
to most of the patients with complete treatment dataset. 
This was only effective in primary TTP but not in our cohort 
as most of the patients actually had TMA of other causes. 
The second-line treatment, as illustrated in Table 3, is only 
used when there is suboptimal therapeutic response to PEX 
and steroid therapy as per the institutional protocol. The 
humanized anti-CD20 monoclonal antibody rituximab is sug-
gested to as a frontline therapy together with PEX as the 
UK group demonstrated that the upfront treatment with 
rituximab is associated with shorter hospitalization and fewer 
relapses in comparison to the standard TTP group without 
rituximab [17, 18]. The is further supported by the French 
TMA reference center network and the Oklahoma TTP regis-
try showing fewer and later relapses in patients treated with 
rituximab [19, 20]. However, there are no data so far demon-
strating the effectiveness of rituximab in TMA with non-defi-
cient ADAMTS-13 activity. Bortezomib is used at our center 
in the treatment of refractory TTP in which it seems to 
be effective in the treatment of a subgroup of cases with 
severe, refractory TTP [21]. Vincristine was used in the past 
pre-rituximab era during which stable remission was ach-
ieved in 73% of patients receiving vincristine [17]. The pre-
scription of antiplatelets like aspirin was not widespread 
in our study because of the concern of thrombocytopenia. 
Low-molecular-weight heparin was used only in those with 
venous thromboembolism. In fact, Lapponi et al. (2013) stated 
that treatment with acetylsalicylic acid (ASA) prevented NET 
formation [22]. The anti-inflammatory effects of ASA exert 
inhibition on NET by acting on cyclo-oxygenase independent 
targets including the NF-B [22]. 

There are a number of limitations to this study which 
are related to the retrospective data analysis, single-center 
design, and inability to calculate population-based rates. The 
treatment data were very limited and available mostly for 
patients fully treated at Ampang Hospital. The data from 
other hospitals had been lacking in treatment details despite 
repeated tracing. Consequently, there was a variable total 
number of patients receiving individual treatments depend-
ing on the availability of the data resulting in only 
description. Some of the patients had short durations of fol-
low-up. This study could not determine a cause and effect 
relationship. However, the capture of the data at specific 
time points provides us many findings which can be utilized 
to carry out in-depth research for secondary causes of TMA 
in future which are not always highlighted in current 
practice.

TMA could masquerade many diseases beyond what was 
known about only TTP in the past. This study illustrates 
that although there is no significant difference in the overall 

survival, there is a tendency of inferior outcome among 
those with non-deficient ADAMTS-13 activity in compar-
ison to those with severely deficient ADAMTS-13 activity. 
Routine standards of care like PEX and immunosuppressant 
therapy are only effective in genuine TTP. Other types of 
TMA such as aHUS/HUS, secondary causes of TMA need 
to be addressed according to the underlying etiology in order 
to reduce the morbidity and mortality. This clinical ob-
servation highlights the need to investigate other types of 
TMA prospectively in the future.
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